Introduction
In the last decades, the use of polymeric materials has been notably increased. ~49 bn. tones of polymeric materials are manufactured per year in EU countries. ~40 % of this demand is intended for packaging. The waste problem is also important because in most EU countries (including Lithuania) only 50 % of packages are recycled or used for energy recovery. Thus, the growing concern about the harmful impact of discarded polymeric packages leads to the researches and developments of polymeric packaging that could degrade more rapidly in the landfills [1] [2] [3] [4] .
The other way to solve the polymeric packaging waste disposal is to manufacture combined partially biodegradable blends of raw materials (starch, molasses, chitosan, glycerine and others) and petroleum -based polymeric films. Some researches [5] [6] [7] [8] [9] were focused on analysing the thermal, mechanical and biodegradation performance of LDPE films with different type and content of biodegradable material. But these works did not analyse the performance of these new developed polymeric materials during printing or packaging processes.
In the manufacturing cycle of the polymeric packages, flexography printing is important process. When the polymeric film is being transported through the printing sections, it is always tensioned. Also, due the vibrations of printing rollers, beating of bearings and other reason also various mechanical defects may occur in the tensioned polymeric films. Thus, the symmetrical loading during printing is important factor for the quality of the graphical image.
Considering to the works [10] [11] [12] projection moiré is a simple method to obtain the eigenmodes that would allow to predict the possible non-qualitative graphical images that could occur during printing process.
The aim of the presented work is to investigate the vibrations, eigenmodes under the symmetrical loading of new developed partially biodegradable LDPE polymeric films having different content and type of additives (sorbit, molasses and chitosan).
Experimental details

Materials
The materials for testing were manufactured at Belarusian National Technical University using an extruder SJM35-400 that screw diameter was 35 mm and length to screw diameter ratio ⁄ 30:1. Three new developed low density polyethylene (LDPE) polymeric films containing biodegradable additives (with different content 3 and 10 %) such as sorbit, molasses and chitosan and were obtained with the following compositions:
• low density polyethylene + 10 % sorbit (LDPE1);
• low density polyethylene + 3 % molasses (LDPE2);
• low density polyethylene + 3 % chitosan (LDPE3);
Methods
Projection moiré
To determine the dynamical characteristics of polymeric films with and without defects (tears) for symmetric loading of the tape the special setup for projection moiré experimental investigation was used ( Fig. 1) . The experimental setup consists of the vibration generator ГЗ-111 ( ), amplifier LV-103 ( ), vibro-exciter VEB Robotron Messelektronik 11076 ( ), investigated polymeric film , digital image camera Edmund Optics EO-1312C USB Camera (DC), personal computer PC, ink printer HP Deskjet 920c (PR) and the optical setup of the projection moiré (not indicated in the figure) .
In case of symmetric loading of polymeric film the load was distributed symmetrically with respect to the centre line of the tape of the polymeric film by loading both of its sides with the equal load (see Fig. 2 ). In the experiment projection moiré was implemented by projecting thin parallel lines of high contrast with the light rays incident to the surface of vibrating polymeric film.
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In the process of investigation sinusoidal longitudinal vibrations of the chosen frequency were generated in the setup for analysis of vibrations that generated eigenmodes in the polymeric film.
The ends of the investigated sheet of polymeric film were fastened between pressing tapes. One of the pressing tapes was fastened to the exciter of vibrations while the other pressing tape was loaded symmetrically by the force of 25.5 N. Vibroexciter was generating longitudinal vibrations of sinusoidal shape of chosen frequency, which excited eigenmodes in the analysed polymeric film. For the visualization of modes of propagating waves the method of projection moiré was used. The grid of thin parallel lines of high contrast of step was projected at a definite angle to the surface of the investigated material. In this method the eigenmodes were photographed by a digital camera and then processed in the monitor of a personal computer.
In the experimental tests, samples of polymeric film with biodegradable additives and multilayered material of rectangular geometrical shape (0.2×0.05 m) were produced.
Results and discussions
During experimental researches, the partially biodegradable LDPE films have been excited by vibrations of sinusoidal shape in the direction of polymeric film extrusion. -126-140 Hz, LDPE3 -122-134 Hz). Also in all three partially biodegradable polymeric films the shape of the established eigenmode was of different configurations. Thus, the method of projection moiré could be applied for the analysis of uneven structure of partially biodegradable polymeric film. 
Conclusions
Three new developed partially biodegradable LDPE polymeric films containing different type (molasses, chitosan and sorbit) and content of additives (10 and 3 %) was evaluated for identification of defects using a method of projection moiré. It was determined that the shape of the first vibrations eigenmode and the characteristics of vibrations have changed when the polymeric film has a tear defect comparing with the first eigenmode of qualitative polymeric films. Also, when the LDPE films have a tear defect only the first eigenmode has been established, meanwhile for the qualitative polymeric films the first and second eigenmodes have been established.
The range of vibrations frequency at which the eigenmodes have been established is higher for partially biodegradable LDPE films with defects than without defects. For LDPE1 (additive sorbit and with tear defect) the range of vibrations frequency is 156 Hz, without defects -110 Hz, for LDPE2 (additive molasses and with tear defect) is 132 Hz, without defects -116 Hz, for LDPE3 (additive chitosan and with tear defect) -128 Hz, without defect -120 Hz.
The results obtained could be used for further researches of non-destructive identification of these new developed partially biodegradable LDPE films by applying them for packaging purposes.
